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(54) BIOSENSOR

(57) A biosensor comprising an electrically insulat-

ing base plate, an electrode system containing a work-

ing electrode and a counter electrode disposed on the

base plate, and a reagent system comprising at least an

oxidoreductase, a hydrophilic polymer and an electron

mediator, wherein the reagent system further comprises

a substance having a function to convert an organic

product generated by direct reaction of a substrate to

be measured with the oxidoreductase to another com-

pound.
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Description

Technical Field

[0001 ] The present invention relates to a biosensor for

facilitating rapid and highly accurate quantification of a

substrate such as glucose contained in a sample.

Background Art

[0002] With the aim of realizing simple quantification

of body fluid components by ordinary people, various

types of biosensors have recently been developed

which utilize a specific catalytic action of enzymes.

[0003] In the following, a method of glucose quantifi-

cation will be explained as an example of the method of

quantifying a component contained in a sample solution.

As an electrochemical method of glucose quantification,

a method using a combination of glucose oxidase (here-

inafter abbreviated to GOD) with an oxygen electrode

or a hydrogen peroxide electrode is generally well-

known.

[0004] GOD selectively oxidizes p-D-glucose as a

substrate to D-glucono-5-lactone using oxygen as an

electron mediator. In the presence of oxygen, oxygen is

reduced to hydrogen peroxide during the oxidation re-

action process by GOD. The decreased volume of oxy-

gen is measured by the oxygen electrode, or the in-

creased volume of hydrogen peroxide is measured by

the hydrogen peroxide electrode. The decreased vol-

ume of oxygen and the increased volume of hydrogen

peroxide are proportional to the content of glucose in

the sample solution, so that the quantification of glucose

is possible based on the decreased volume of oxygen

or the increased volume of hydrogen peroxide.

[0005] Glucose sensors of new type have been de-

veloped which use as the electron mediator an organic

compound or a metal complex such as potassium ferri-

cyanide, a ferrocene derivative and a quinone derivative

without using oxygen as the electron mediator. The sen-

sors of this type oxidize the reductant of electron medi-

ator resulting from the enzyme reaction on an electrode,

whereby the concentration of glucose contained in the

sample solution can be determined based on the

amount of the oxidation current. In the case of using

such an organic compound or metal complex as the

electron mediator in place of oxygen, it is possible to

form a reagent layer while the electron mediator is car-

ried in a precise amount and in a stable state together

with GOD on the electrode. Further, it is also possible

to integrate the reagent layer with an electrode system

while keeping it in an almost dry state. Disposable glu-

cose sensors developed based on these technologies

have recently been receiving a lot of attention. A typical

example thereof is a biosensor disclosed in Japanese

Patent Publication No. 2517153. In such a disposable

glucose sensor, it is possible to measure the glucose

concentration easily with a measurement device by sim-

ply introducing the sample solution into the sensor con-

nected detachably to the measurement device.

[0006] In the measuring method using the above-de-

scribed glucose sensor, by a response current of 1 to

5 10 jiA/cm2 order, the glucose concentration in the sam-

ple can be measured in about 30 seconds. However, it

is desired from various fields to develop sensors capa-

ble of more rapid glucose quantification with higher sen-

sitivity and accuracy in recent years.

10 [0007] Also, in conventional electrochemical glucose

sensors, by the addition of a hydrophilic polymer such

as carboxymethyl cellulose to the reagent layer, the

measurement results are prevented from being affected

by vibrations given to the measurement device from out-

15 side. The hydrophilic polymer has another merit that it

can function as a binder to immobilize the enzyme on

the electrode moderately. The presence of the hy-

drophilic polymer, however, causes changes in catalytic

activity of GOD or thermodynamics of the hydrolytic re-

20 action from D-glucono-6-lactone to gluconic acid, there-

by to cause accumulation of D-glucono-5-lactone, which

is a product of the GOD reaction, in some cases. As a

result, the reverse reaction proceeds and the rate of the

glucose oxidation reaction decreases, thereby to lower

25 the amount of the reductant of electron mediator gener-

ated in a short reaction time, so that the magnitude (sen-

sitivity) of the current of the sensor flowing in response

to glucose decreases in some cases. Particularly, trying

to obtain a sufficient sensitivity to high concentrations of

30 glucose while securing a good accuracy requires an in-

crease in reaction time in order to generate a large

amount of the reductant of electron mediator, so that the

measurement tends to require longer time.

35 Disclosure of Invention

[0008] The present invention relates to a biosensor

comprising an electrically insulating base plate, an elec-

trode system containing a working electrode and a

40 counter electrode disposed on the base plate, and a re-

agent system comprising at least an oxidoreductase, a

hydrophilic polymer and an electron mediator, wherein

the reagent system further comprises a substance hav-

ing a function to convert an organic product generated

45 by direct reaction of a substrate to be measured with the

oxidoreductase to another compound.

[0009] The present invention provides a biosensor

comprising an electrically insulating base plate, an elec-

trode system containing a working electrode and a

so counter electrode disposed on the base plate, a cover

member disposed over the base plate to form a sample

solution supply pathway to the electrode system be-

tween the cover member and the base plate, and a re-

agent system provided to a portion exposed to the sam-

55 pie solution supply pathway, wherein the reagent sys-

tem comprises at least an oxidoreductase, a hydrophilic

polymer, an electron mediator, and a substance having

a function to convert an organic product generated by

2
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direct reaction of a substrate to be measured with the

oxidoreductase to another compound.

Brief Description of Drawings

[0010]

FIG. 1 is an exploded perspective view of a glucose

sensor in accordance with one example of the

present invention from which the reagent system is

omitted.

FIG. 2 is a longitudinal cross-sectional view of a vital

part of the same glucose sensor.

Best Mode for Carrying Out the Invention

[0011] As described above, a biosensor in accord-

ance with the present invention comprises an electrode

.

system containing a working electrode and a counter

electrode disposed on an electrically insulating base

plate and a reagent system comprising at least an oxi-

doreductase, a hydrophilic polymer and an electron me-

diator, wherein the reagent system further comprises a

substance having a function to convert an organic prod-

uct generated by direct reaction of a substrate to be

measured with the oxidoreductase to another com-

pound.

[0012] The organic product in an enzyme reaction

system is reduced or removed by the substance having

a function to convert the organic product to another com-

pound; as a result, the enzyme reaction between the

substrate to be measured and the oxidoreductase is al-

lowed to proceed smoothly. This enables rapid and high-

ly accurate measurement of the substrate. As a matter

of course, the substance having a function to convert

the organic product to another compound must not be

one which converts the organic product back to the orig-

inal substrate or converts it to a compound which would

affect the enzyme reaction adversely. Also, the sub-

stance must not be one which itself affects the enzyme

reaction adversely.

[0013] In a preferred mode of the present invention,

the organic product generated by direct reaction of the

substrate to be measured with the oxidoreductase is an

oxidation product generated by oxidation of the sub-

strate by the oxidoreductase, and the concentration of

the substrate is obtained on the basis of the current ox-

idizing the electron mediator that is reduced in conjunc-

tion with the enzyme reaction.

[0014] In this mode, when the substrate to be meas-

ured is D-glucose r p-D-glucose oxidase (EC 1.1.3.4)

and glucono-8-lactonase (EC 3.1.1.17, hereinafter re-

ferred to as GLN) are used as the oxidoreductase and

the substance having a function to convert the organic

oxidation product, D-glucono-S-lactone, to another com-

pound, respectively. When the oxidoreductase is pyrro-

lo-quinoline quinone (hereinafter referred to as PQQ)
dependent glucose dehydrogenase (EC 1.1.99.17),

GLN is used as the substance having a function to con-

vert the oxidation product, D-glucono-5-lactone, to an-

other compound.

[0015] When the oxidoreductase is nicotinamide ad-

5 enine dinucleotide (hereinafter referred to as NAD) or

nicotinamide adenine dinucleotide phosphoric acid

(hereinafter referred to as NADP) dependent glucose

dehydrogenase (EC 1.1.1.47) (EC 1.1.1.118) (EC

1.1 .1 .119), GLN is used as the substance having a func-

10 tion to convert the organic oxidation product, D-glucono-

5-lactone, to another compound.

[0016] When the oxidoreductase is lactate oxidase,

pyruvate oxidase can be used as the substance having

a function to convert the oxidation product, pyruvic acid,

is to other compounds, acetyl phosphate and carbon di-

oxide.

[0017] In the following examples, GLN, which is an

enzyme, was used as the substance having a function

to convert the product to another compound, but a bi-

20 oreagent such as an enzyme is not necessarily used.

For example, when the substrate to be measured is pri-

mary alcohol and the oxidoreductase is alcohol oxidase

or alcohol dehydrogenase, it is possible to use hydra-

zine or an organic compound having an amino residue,

25 which quickly bonds to the oxidation product aldehyde,

as the substance having a function to convert it to an-

other compound.

[0018] In another mode of the present invention, the

organic product generated by direct reaction of the sub-

30 strate to be measured with the oxidoreductase is a re-

duction product generated by reduction of the substrate

by the oxidoreductase, and the concentration of the sub-

strate is obtained on the basis of the reduction current

of the electron mediator that is oxidized in conjunction

35 with the enzyme reaction. In this mode, when the sub-

strate to be measured is glutathione disulfide and the

oxidoreductase is glutathione reductase (EC 1 .6.4.2),.a

substance which reacts thiol-selectively, for example, a

maleimide compound, is used as the substance having

to a function to convert an organic product glutathione to

another compound.

[0019] As the oxidoreductase used in the present in-

vention, an adequate one is selected depending on the

substrate contained in the sample solution. Other than

45 the enzymes listed above, it is possible to use, for ex-

ample, alcohol dehydrogenase, lactate oxidase, choles-

terol oxidase, xanthene oxidase, amino acid oxidase,

ascorbate oxidase, acyl-CoA oxidase, uricase, glutama-

te dehydrogenase, or fructose dehydrogenase, as the

so oxidoreductase.

[0020] In order that the substance having a function

to convert the organic product generated by reaction of

the substrate with the oxidoreductase to another com-

pound could function effectively, a pH buffer is prefera-

55 bly added to the reagent system. In the case of using

the pH buffer, there is a need also to consider suitable

pH of the oxidoreductase. As the pH buffer, it is possible

to use, for example, a buffer containing one or more

3
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kinds of phosphate, acetate, borate, citrate, phthalate

and glycine, other than the buffer comprising a combi-

nation of phosphates used in the examples which will

be described tater. It is also possible to use one or more
kinds of hydrogen salts of the above-listed salts, if ex-

isting. Also, it is possible to use a reagent used in the

so-called "GOODS buffers". These pH buffers may be

contained in the sensor system in the form that is vari-

able according to the structure of the sensor, and the

form may be a solid matter or a solution. Further, the

buffered pH value realized by the buffer is basically se-

lected for improving the efficiency of the substance hav-

ing a function to convert the organic product generated

by reaction of the substrate with the oxidoreductase to

another compound, but the selection should be made in

consideration of the balance between that and the influ-

ence of the pH buffer on other sensor reactions.

[0021 J Examples of the electron mediator include po-

tassium ferricyanide, metal complexes such as osmium*

tris (bipyridinium) or ferrocene derivatives, quinone de-

rivatives such as p-benzoquinone, phenazinium deriva-

tives such as phenazine methosulfate, phenothiazinium

derivatives such as methylene blue, nicotinamide ade-

nine dinucleotide and nicotinamide adenine dinucle-

otide phosphoric acid. These electron mediators may be
in the form of bonding to the polymer backbone or in the

form that a part or the whole thereof forms the polymer

chain. Further, also when oxygen is used as the electron

mediator, a current response can be obtained. These
electron mediators are used singly or in combination of

two or more.

[0022] As the hydrophilic polymer, it is possible to use

water-soluble cellulose derivatives, particularly ethyl

cellulose, hydroxyethyl cellulose and carboxymethyl

cellulose, polyvinyl pyrrolidone, polyvinyl alcohol, gela-

tin, polyacrylic acid and its salts, starch and its deriva-

tives, a polymer of maleic anhydride or its salts, poly-

acrylamide, methacrylate resin, poly-2-hydroxyethyl

methacrylate and the like.

[0023] In the following, the structure of a sensor in ac-

cordance with the present invention will be described

with reference to FIG. 1 and FIG. 2, but the present in-

vention is not to be limited to only these.

[0024] FIG. 1 is an exploded perspective view of a glu-

cose sensor in accordance with the present invention

from which the reagent system is removed. A silver

paste is printed on an electrically insulating base plate

1 made of polyethylene terephthalate by screen printing

to form leads 2 and 3 and the base of later-described

electrodes. Next, a conductive carbon paste containing

a resin binder is printed on the base plate 1 to form a

working electrode 4. This working electrode 4 is in con-

tact with the lead 2. Further, an insulating paste is print-

ed on the base plate 1 to form an insulating layer 6. The
insulating layer 6 covers the outer peripheral portion of

the working electrode 4, thereby to keep the area of ex-

posed portion of the working electrode 4 constant. Then,

a conductive carbon paste containing a resin binder is

printed on the base plate 1 so as to be in contact with

the lead 3, which forms a ring-like counter electrode 5.

[0025] After the above-described electrically insulat-

ing base plate 1 is provided with a reagent system in a
5 manner as described later, a spacer 8 having a slit 10

and a cover 9 having an air vent 11 are bonded thereto

in a positional relationship as shown by the dashed lines

in FIG. 1 ,
thereby to fabricate a biosensor. A sample so-

lution supply pathway is formed in the portion of the slit

10 1 o of the spacer 8. The open end of the slit 1 0. which is

at an end of the sensor, serves as a sample supply port

to the sample solution supply pathway.

[0026] FIG. 2 is a longitudinal cross-sectional view of

the biosensor in accordance with the present invention.

is A reagent system 7 containing an enzyme and an elec-

tron mediator is formed on the base plate 1 on which the

electrode system is formed. The reagent system 7 is

formed over the electrode system so as to come in con-

tact with the working electrode 4 or the counter electrode

20 5. This substantially increases the amount of the elec-

tron mediator supplied to electrochemical reactions at

the electrodes, so that it is possible to obtain a larger

response. The reagent system 7, in the example as

shown in the figure, is composed of a hydrophilic poly-

25 mer layer 7a and a layer 7b that is formed thereon and

contains GOD, GLN and the electron mediator potassi-

um ferricyanide.

[0027] When a sample solution is brought into contact

with the open end of the slit 10 forming the sample so-

30 lution supply pathway of the sensor with the structure

as shown in FIG. 2, the sample solution is introduced

into the sample solution supply pathway because of

capillary phenomenon, thereby to dissolve the reagent

system 7, so that the enzyme reaction proceeds. In this

35 way, when the sample solution supply pathway is

formed by integrating a cover member composed of the

spacer 8 and the cover 9 to the base plate 1 on which

the electrode system is provided, the amount of the

sample solution containing the substrate to be meas-
40 ured supplied to the sensor can be made constant, so

that it is possible to raise the accuracy of the measure-

ment.

[0028] In the sensor provided with the sample solution

supply pathway as described above, the reagent system

45 may be formed on a portion exposed to the sample so-

lution supply pathway as well as on the electrode system

such that the reagent system could dissolve in the sam-

ple solution supplied. For example, the reagent system

may be formed as follows: the spacer 8 and the cover

50 9 are bonded to each other, this is turned upside down
to form a concave in the slit 1 0, and a solution for forming

the reagent system is dropped in the concave and dried.

Alternatively, the reagent system may be divided into

plural layers, one on the base plate and another on the

55 cover member side. In this case, each divided layer

does not necessarily contain all the reagents. For ex-

ample, each of the oxidoreductase, the electron media-

tor and the pH buffer may be contained in a different

4
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layer.

[0029] The sensor may also be configured only with

the base plate 1 without forming the sample solution

supply pathway as described above. In this case, the

reagent system is formed on or in the vicinity of the elec-

trode system.

[0030] In the sensors of any structures, it is preferable

to form a hydrophilic polymer layer on the electrode sys-

tem in order to prevent adsorption of protein to the elec-

trode system or the like.

Example 1

[0031] An aqueous solution of sodium salt of car-

boxymethyl cellulose {hereinafter referred to as CMC)
was dropped over the electrode system disposed on the

base plate 1 and dried to form a CMC layer 7a. An aque-

ous solution dissolving GOD, GLN and potassium ferri-

cyanide was dropped over the CMC layer 7a and dried

to form a layer 7b. The ratio of the activity unit number
of GOD to GLN, contained in the reagent system 7 thus

formed, was made GOD:GLN=t:2. The amount of GOD
was made 1 unit.

[0032] A sensor as shown in FIG. 2 was produced by

combining the spacer 8 and the cover 9 with the above-

described base plate.

[0033] An aqueous solution containing a certain

amount of D-glucose was supplied to the opening of the

sample solution supply pathway of the sensor, that is,

the open end of the slit 10 of the spacer. After a lapse

of predetermined reaction time, a voltage of 500 mV was
applied to the working electrode 4 with respect to the

counter electrode 5, and the current value flowing at this

time was measured. While D-glucose is oxidized to D-

glucono-5-lactone by the action of GOD, ferricyanide

ions are reduced to ferrocyanide ions. The concentra-

tion of the ferrocyanide ions thus generated is propor-

tional to the concentration of glucose. Therefore, based

^on the oxidation current thereof, the concentration of

glucose can be measured. D-glucono-5-lactone gener-

ated at this time is decomposed by the action of GLN.

[0034] The response current obtained in a reaction

time of 5 seconds was plotted against the D-glucose

concentration of the solution used; as a result, a favo-

rable linear relationship was observed between the

both. The responses obtained when the glucose con-

centrations were 602 mg/dL and 200 mg/dL were about

500 mV and 190 mV, respectively. Also, for comparison,

a sensor not containing GLN in the layer 7b was pro-

duced and the responses were measured in the same
manner as above: the responses obtained when the glu-

cose concentrations were 602 mg/dL and 200 mg/dL
were about 425 mV and 165 mV, respectively. This

showed that the responses of the sensor containing

GLN in the reagent system were significantly larger than

those without GLN. The rates of increase in the respons-

es were 18% and 15%. which were very high values.

The reason is considered that the addition of GLN to the

reagent system decomposed the product of GOD reac-

tion, D-glucono-5-lactone, to prevent accumulation

thereof in the solution, thereby accelerating the reaction

between GOD and glucose.

5 [0035] Also, deserving special note is that the coeffi-

cient of response variation (CV) in the sensor to which

GLN was added was 75% or lower of that in the sensor

without GLN. The addition of GLN improved the accu-

racy of the measurement
w [0036] As described above, the present invention en-

abled realization of increase in measuring sensitivity.

Further, it became clear that the concentration of the

substrate to be measured could be quantified accurately

and promptly, in a short reaction time of 5 seconds, for

is example.

[0037] When the amount of GOD included in the rea-

gent system was such that the activity became 0.05 to

0.5 unit per 1 square millimeter of sensor system surface

area in contact with the sensor system surface, espe-

20 cially favorable results were obtained.

Example 2

[0038] In the same manner as in Example 1 , the CMC
25 layer 7a and the layer 7b containing GOD, GLN and po-

tassium ferricyanide were formed over the electrode

system on the base plate 1 . This example does not use

the spacer 8 and the cover 9.

[0039] Over the reagent system 7 of the sensor was
30 dropped an aqueous solution containing a certain

amount of D-glucose. The amount of the D-glucose

aqueous solution dropped was made a predetermined

amount. After a lapse of predetermined time, a voltage

of 500 mV was applied to the working electrode 4 with

35 respect to the counter electrode 5, and the current value

flowing at this time was measured. Between the re-

sponse current obtained and the D-glucose concentra-

tion, a favorable linear relationship was observed. Also,

the response current obtained was significantly larger

40 than the response current obtained from the sensor not

containing GLN in the reagent system 7. In this way, it

was found that, even when the sensor did not have the

cover member, the above-described effect of GLN ena-

bled realization of the increase in measuring sensitivity.

45 [0040] In Examples 1 and 2, the reagent system 7 was
formed so as to come in contact with the electrode sys-

tem, but even when the reagent system 7 was formed

in the vicinity of the sample supply port on the base plate

1 in such a manner that it did not come in contact with

50 the electrode system and was exposed to the sample

solution supply pathway, the increase in measuring sen-

sitivity was realized by the addition of GLN. Also, the

same effect could be observed also when the reagent

system 7 was formed on the cover side so as to be ex-

55 posed to the sample solution supply.pathway.

[0041 ] Further, in the above examples, in order to de-

compose D-glucono-6-lactone more effectively, GLN
was included in the vicinity of GOD, that is, in the reagent
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system 7, but GLN may be present at a position different

from the reagent system 7 in the sample solution supply

pathway of the sensor. If it is at a position in contact with

the measuring sample, the addition of GLN increases

the measuring sensitivity.

Example 3

[0042] In this example, a sensor was produced in the

same manner as in Example 1 ,
except that a pH buffer

composed of a combination of dipotassium hydrogen-

phosphate (K2HP04) and potassium dihydrogenphos-

phate (KH2P04) was added to the layer 7b such that the

pH realized by water introduction became 7.

[0043] An aqueous solution containing a certain

amount of D-glucose was supplied to the opening of the

sample solution supply pathway, and after a lapse of

predetermined time, a voltage of 500 mV was applied

to the working electrode 4 with respect to the counter

electrode 5 and the current value flowing at this time

was measured. The response current obtained was

higher than that of the sensor of the Example 1 not con-

taining a pH buffer in the reagent system 7. This result

was obtained presumably because, due to the addition

of the pH buffer, the pH of the sample solution was main-

tained at a value at which GLN more effectively decom-

posed D-glucono-6-lactone. It is considered that the ad-

dition of the pH buffer changed both of the activity of

GOD and the activity of GLN. However, since the suita-

ble pHs for GOD and GLN are about 5 and about 7, re-

spectively, the effect of GLN is considered to have been

further promoted in pH 7 of this example.

Example 4

[0044] In this example, a sensor was produced in the

same manner as in Example 1, except that PQQ de-

pendent glucose dehydrogenase (hereinafter referred

to as PQQ-GDH) was used in place of the enzymeGOD

of the layer 7b. The ratio of the activity unit number of

GLN to PQQ-GDH was GLN:PQQ-GDH=2:1 .
The

amount of PQQ-GDH used was 2 units.

[0045] An aqueous solution containing a certain

amount of D-glucose was supplied to the opening of the

sample solution supply pathway of the sensor, and after

a lapse of predetermined time, a voltage of 500 mV was

applied to the working electrode 4 with respect to the

counter electrode 5 and the current value flowing at this

time was measured. The response current obtained ex-

hibited a favorable linear relationship with respect to the

concentration of D-glucose. Also, for comparison, a sen-

sor not containing GLN in the reagent system 7 was pro-

duced and the response value was measured in the

same manner as above. In each glucose concentration,

the response of the sensor containing GLN in the rea-

gent system was significantly larger than that without

GLN. Also when PQQ dependent glucose dehydroge-

nase was used, the addition of GLN to the reagent sys-

tem produced the effect of increasing the response.

[0046] Further, in the same manner as in Example 3,

the addition of a pH buffer to the reagent system further

increased the response value.

5 [0047] When the above-mentioned PQQ-GDH was in

contact with the sensor system surface such that the ac-

tivity thereof became 0.1 to 1.5 units per 1 square mil-

limeter of sensor system surface area, especially favo-

rable results were obtained.

10

Example 5

[0048] In this example, a sensor was produced in the

same manner as in Example 4, except that NAD or

15 NADP dependent glucose dehydrogenase (hereinafter

referred to as NAD-GDH and NADP-GDH, respectively)

was used in place of PQQ-GDH and that thionine was

used in place of potassium ferricyanide. The ratio of the

activity unit number of GLN to NAD-GDH or NADP-GDH

20 was made NAD(NADP)-GDH:GLN=1:2.

[0049] Under the same conditions as those of Exam-

ple 4, the response current value to the D-glucose con-

centration was measured; as a result, the response cur-

rent obtained was almost proportional to the D-glucose

25 concentration. Ihe reaction between GDH and D-glu-

cose generates reductants of NAD and NADP, which do-

nate electrons to thionine, and thionine thus converted

transmits the electrons to the electrode; in this way, a

current is generated. What is noted here is that the re-

30 ductants of NAD and NADP are not products of the sub-

strate (not generated by the reaction between the sub-

strate and the enzyme). The response obtained was sig-

nificantly larger than that of the similar sensor not con-

taining GLN in the reagent system 7. In this way, also

35 when NAD and NADP dependent glucose dehydroge-

nase were used, the addition of GLN to the reagent sys-

tem produced the effect of increasing the response.

*

[0050] Examples 1 to 4 described the case where the

ratio of the activity unit number of GLN to GOD,

40 PQQ-GDH and NAD(NADP)-GDH was 2, but also when

the ratio to each of the oxidorecuctase was 0.5 to 10,

GLN produced the effect of increasing the current. Also,

when the above-mentioned ratio was 1 to 3, the effect

was particularly large, in which further preferable results

45 were obtained.

[0051 ] Also, in the same manner as in Example 3, the

use of the pH buffer further increased the response.
Fur-

ther, the pH range in which the response was remarka-

bly increased was pH 4 to 9 when the substance having

50 a function to convert the organic product of the
substrate

generated by the reaction of the oxidoreductase to an-

other compound was GLN. In such a pH range, the ac-

tivity of GLN is considered to be high.

[0052] In the examples, the voltage applied to the

55 electrode system was 500 mV, but this is not to be con-

strued as limiting. Any voltage at which the electron me-

diator reduced can be oxidized at the counter electrode

may be applied. For reducing the oxidized electron me-

6
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diator, a voltage appropriate for the reduction thereof

may be applied. Also, the method of detecting the cur-

rent was used as the measuring method, but any output

that changes as the electrochemical reaction proceeds

may be substantially used as the subject to be detected.

For example, the quantity of electric charge passed in

a certain time may be detected. Since the quantity of

electric charge is an integral value of the current with

respect to time, it may be correlated to the concentration

of the substrate to be measured.

[0053J As to the reaction time, there are no particular

limitations. In a short reaction time, the effect of increas-

ing the response according to the present invention is

remarkable, but the increase of the response is ob-

served substantially in all the reaction time.

[0054] The reagent system or one or more of the re-

agents contained in the reagent system may be immo-

bilized on the working electrode so as to make the en-

zyme insolubilized or not eluted, the electron mediator

or the hydrophilic polymer. In the case of immobilization,

it is preferable to use the covalent bonding method, the

cross-linking immobilization method, the adsorption

method, or immobilization methods utilizing interaction

of coordinate bond or specific bond. Alternatively, they

may be mixed into the electrode material.

[0055] As the electrode material, the examples de-

scribed carbon, but this is not to be construed as limiting.

As the working electrode material, it is possible to use

any electrically conductive materials which are not oxi-

dized or reduced themselves upon the oxidation or re-

duction of the electron mediator such as platinum, gold

and palladium, in addition to carbon. Further, as the

counter electrode material, it is possible to use any elec-

trically conductive materials which are used commonly
such as gold, silver and platinum, in addition to carbon.

In the above examples, the working electrode and the

counter electrode were produced by the screen printing

method, but the production method thereof is not subject

to any limitations. For example, it is possible to use a

process including photo lithography, the vapor deposi-

tion method, the chemical vapor deposition method or

the sputtering method as another electrode production

method. In addition to the working electrode and the

counter electrode, an electrode having a stable potential

may be provided within the sensor system so as to be
used as a reference electrode. In this case, the voltage

is applied between the reference electrode and the

working electrode.

[0056] The shape, arrangement and number of the

electrode system are not to be limited to those as shown
in the above examples. The shape, arrangement and
number of the leads and terminals are also not to be
limited to those as shown in the above examples.

Industrial Applicability

[0057] As described above, the present invention pro-

vides a biosensor capable of prompt and highly accurate

measurement of a substrate.

1. A biosensor comprising an electrically insulating

base plate, an electrode system containing a work-

ing electrode and a counter electrode disposed on

said base plate, and a reagent system comprising

10 at least an oxidoreductase, a hydrophilic polymer

and an electron mediator, wherein said reagent sys-

tem further comprises a substance having a func-

tion to convert an organic product generated by di-

rect reaction of a substrate to be measured with said

15 oxidoreductase to another compound.

2. The biosensor in accordance with claim 1 , wherein

said reagent system is provided on or in the vicinity

of said electrode system.

20

3. A biosensor comprising an electrically insulating

base plate, an electrode system containing a work-

ing electrode and a counter electrode disposed on

said base plate, a cover member disposed over said

25 base plate to form a sample solution supply path-

way to said electrode system between said cover

member and said base plate, and a reagent system

provided to a portion exposed to said sample solu-

tion supply pathway, wherein said reagent system
30 comprises at least an oxidoreductase, a hydrophilic

polymer, an electron mediator, and a substance

having a function to convert an organic product gen-

erated by direct reaction of a substrate to be meas-

ured with said oxidoreductase to another com-
35 pound.

4. The biosensor in accordance with claim 3, wherein

said reagent system is in contact with said electrode

system.

40

5. The biosensor in accordance with claim 1 or 3,

wherein said reagent system further comprises a

pH buffer.

45 6. The biosensor in accordance with claim 1 or 3,

wherein said oxidoreductase is p-D-glucose oxi-

dase (EC 1.1 .3.4), said organic product is D-gluco-

no-8-lactone, and said substance having a function

to convert D-glucono-5-lactone to another com-
50 pound is glucono-5-lactonase (EC.3.1 .1 .1 7).

7. The biosensor in accordance with claim 6, wherein

the ratio of the activity unit number of said glucono-

&-lactonase to the activity unit number of said glu-

55 cose oxidase is 0.5 to 1 0.

8. The biosensor in accordance with claim 6, wherein

the ratio of the activity unit number of said glucono-

40

5.

Claims
5

7
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S-lactonase to the activity unit number of said glu-
cose oxidase is 1 to 3.

9. The biosensor in accordance with claim 1 or 3,
wherein said oxidoreductase is pyrrolo-quinoline s
quinone dependent glucose dehydrogenase (EC
1 - 1 .99. 1 7), said organic product is D-glucono-5-lac-
tone, and said substance having a function to con-
vert D-glucono-5-lactone to another compound is

glucono-6-lactonase (EC 3.1 .1 .1 7). w

10. The biosensor in accordance with claim 9, wherein
the ratio of the activity unit number of said glucono-
5-lactonase to the activity unit number of said pyr-
rolo-quinoline quinone dependent glucose deny- is

drogenase is 0.5 to 10.

1 1. The biosensor in accordance with claim 9, wherein
the ratio of the activity unit number of said glucono-
6-lactonase to the activity unit number of said pyr- 20
rolo-quinoline quinone dependent glucose dehy-
drogenase is 1 to 3.

12. The biosensor in accordance with claim 1 or 3,
wherein said oxidoreductase is nicotinamide ade- 25
nine dinucleotide or nicotinamide adenine dinucle-
otide phosphoric acid dependent glucose dehydro-
genase (EC 1.1.1.47) (EC 1.1.1.118) (EC
1.1.1 .119), said organic product is D-glucono-5-lac-
tone, and said substance having a function to con- 30
vert D-glucono-S-lactone to another compound is

glucono-5-lactonase (EC 3.1 .1 .1 7).

1 3. The biosensor in accordance with claim 1 2, wherein
the ratio of the activity unit number of said glucono- 35
8-lactonase to the activity unit number of said nico-
tinamide adenine dinucleotide or nicotinamide ad-
enine dinucleotide phosphoric acid dependent glu-
cose dehydrogenase is 0.5 to 10.

40
1 4. The biosensor in accordance with claim 1 2, wherein

the ratio of the activity unit number of said glucono-
5-lactonase to the activity unit number of said nico-
tinamide adenine dinucleotide or nicotinamide ad-
enine dinucleotide phosphoric acid dependent glu- 45
cose dehydrogenase is 1 to 3.

15. The biosensor in accordance with claim 5, wherein
the pH realized by said pH buffer is 4 to 9.
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